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CONTRIBUTIONS  OF  PLATFORM  MOTION  TO  SIMULATOR 
TRAINING  EFFECTIVENESS:  STUDY  I - BASIC  CONTACT 
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I.  INTRODUCTION 

Background 

The  United  States  Ali  Force  is  attempting  to  achieve  a slgniflcan'  reductr  m L-  flying  time  by  the 
early  1980s.  Tliis  reduction  must  be  accompliahed  without  a concomitant  d . Tse  in  miisinn  realineu  of 
the  force.  One  of  the  m^or  mechanisms  by  which  flying  time  reduction  cs.i  be  accompUsbed  is  through 
greater  and  more  effective  use  of  aircraft  flight  simulators.  Extensive  eftorts  are  being  undertaken  to 
examine  the  training  effectiveness  of  current  and  future  simulator  facilities  end  programs.  In  many  cases, 
current  facflltles  wUI  not  bo  sufficient  to  support  the  training  demands  which  will  bo  made  in  the  near 
flitura.  Therefore,  mgjor  additions  and  improvements  are  required.  Moreover,  the  addition  of  new  weapons 
systems  into  the  Inventory  will  be  associated  with  the  procurement  of  new  synthetic  flight  devices. 

Advances  In  simulation  technology  make  available  a wide  variety  of  sophisticated  systems  and 
aubrystems  for  combination  into  a training  device  that  best  meets  the  demands  of  die  user.  Many  of  ^ 
options  are  designed  to  increase  the  training  value  of  a device  by  making  it  possible  to  implement  innovative 
instructional  and  training  methods,  The  capability  for  real-time  automated  performance  measurement  and 
feedback,  adaptive  training,  programmed  demonstrations,  rapid  placement  of  any  aircraft  position,  and 
self-confrontation  are  examples  of  tralningoriented  features.  Other  options  currently  snrallable  to  the  user 
are  to  increase  the  potential  for  training  etfectlvenesa  by  increasing  the  fidelity  (or  realism)  of  the 

device.  Full  fleld-of-vlew  visual  systems  of  a variety  of  types,  synergistic  slx-degree-of-freedom  platform 
motion  systems,  G-seata,  and  G-sults  are  typical  of  fidelity -oriented  hardware. 

The  user  is  placed  in  a position  of  deciding  how  many  of  these  features  are  necessary  for  the  Intended 
use  of  the  device.  He  must  define  the  training  requirements  and  estimate  how  much  the  various  (yjtions  can 
contribute  to  achieving  those  objectives.  He  must  lilso  determine  the  value  of  the  expected  benefits  relative 
to  the  cost  of  the  hardware  capability  required  to  yield  those  benefits.  Unfortunately,  the  user  is  too  often 
in  tire  position  of  having  to  make  such  decisions  in  the  absence  of  sufficient  Information. 

Technological  advances  have  proceeded  too  rapidly  for  the  reiearch  community  to  keep  ahead  or 
even  abreast  of  engineering  developments.  In  an  effort  to  bridge  the  gap,  a research  strategy  is  required 
which  provides  the  moet  needed  information  in  fire  quickest  possible  time  frame.  The  simulator  user  needs 
several  types  of  Information  to  aid  in  the  design  and  procurement  decliion-making  process  which  should  be 
forthcoming  from  the  reiearch  community.  Behavioral  research  can  provide  information  relative  to  several 
Important  criteriai  (a)  user  acceptance,  (b)  the  feasibility  of  training  tasks  which  cannot  be  prscticed  in  the 
aircraft  (e.g.,  some  emergency  situations,  missile  evasion  techniques),  and  (c)  training  effectiveness. 
Evaluating  the  training  effectiveness  of  a device  is  one  of  the  most  important  types  of  Information  and  is, 
unfortunately,  one  of  the  most  time-consuming  and  difficult  research  areu.  The  user  is  interested  in  eitlier 
a time/cost  savings  and/or  a higher  level  of  performance  given  the  lam  time/coat. 


Problem  and  Research  Strategy 

In  conaideilng  the  category  of  capabilities  referred  to  earlier  as  fidelity-oriented  hardwire,  two  m^|or 
option  areas  (in  terms  of  cost  and  training  potential)  are  motion  and  visual  systems.  The  present  study  Is 
one  in  a series  concerned  with  assessing  the  training  effectlvenett  of  vestibular/kinesthetic  motion  cueing 
options  such  as  platform,  G-seat,  and  G-suit  systems.  Motion  cues  can  bo  provided  vUusIly,  u well  u Wa 
vestibular  and  kinesthetic  systems.  For  convenience,  the  term  motion  systems  will  refer  to  systems  designed 
to  provide  vestibular  and  klnestheUc  cues.  The  dimensions  of  relevance  from  the  training  rwMr^ 
standpoint  are:  (s)  tlve  type  of  aircraft  to  be  simulated,  (b)  the  type  of  tasks  to  be  trained,  and  (c)  the 
experience  level  of  the  pilots.  Hie  most  effective  system  may  vsry  and  interact  along  these  dlmenalcns.  The 
effectiveness  of  the  system  may  be  • function  of  the  presence  of  other  motion  cues  provided  by 
instrumente  or  the  external  visual  environment.  For  example,  cues  provided  by  a G-iult  mv  h»n  no 
benefit  for  the  transition  training  of  a leu  experienced  pilot  in  a transport  type  of  slicraft,  but  miy  be  the 
most  effective  system  for  maintaining  air  combat  ikffli  of  an  experienced  fighter  pilot. 
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Previoul  reieaTch  in  Ihe  urea  of  pUtfonn  motion  cue  tiraulktion  hat  addrened  a variety  of  hardware 
and  loftware  conflgurationa,  aircraft  and  trainer  typei,  talk  typei,  and  dependent  measurei.  Findings  seem 
to  be  functions  of  all  of  these  variables,  as  well  as  training  factors;  such  as,  amount  of  practice,  type  of 
feedback,  and  pilot  experience  level.  Therefore,  it  is  di^uit  to  synthesize  the  body  of  existing  information 
relating  motion  cues  to  pilot  performance.  Much  of  the  research  has  concentrated  on  the  effects  of 
platform  motion  cues  on  relatively  simple  and  abstract  tasks  (m  compared  to  actual  flight)  such  as  punuit 
or  compensatory  tracking.  Alternative  motion  cueing  conflguratloni  have  been  shown  to  affect  meuuies  of 
pilot  control  inputs  (Shirley  & Young,  1968).  The  effect  on  enor  measures  of  state  parameters  is  apparent 
on  abstract  tasks  (^rgeron,  1970),  but  not  u pronounced  on  actual  flight  tasks  (Matheny,  1974). 

However  useflil  this  information  nuiy  be  for  the  simulator  designer  interested  primarily  in  fidelity,  it 
haa  little  or  no  direct  relevance  for  the  training  program  designer  who  needs  to  know  the  impact  of  motion 
cueing  on  the  effectivenesa  of  his  simulation  training  programs.  In  fact,  very  little  research  has  been 
performed  investigating  die  incremental  training  effectiveness  of  motion  simulation.  In  a report  reviewing 
much  of  the  earlier  work  on  the  effects  of  motion  cue  fidelity  on  pilot  performance,  Winiges,  Hopkins,  and 
Rose  (1975)  conclude  that  the  amount  of  fidelity  required  is  a fimetion  of  the  intended  use  of  the 
simulator.  With  respect  to  transfer  effectiveness  on  instrument  maneuvers,  pretraining  without  motion  hu 
been  found  to  be  at  effective  as  motion  cue  pretraining  (Koonce,  1974).  Thus,  while  motkon  cues  have  been 
demonstrated  to  affect  pilot  control  input  measures,  widespread  Impact  on  transfer  to  Inflight 
oriterion'iefennced  measures  hat  not  been  indicated.  However,  much  of  this  earlier  motion  research  was 
conducted  uting  systems  leas  sophisticated  than  those  currently  available.  In  the  absence  of  training 
effectiveneaa  nieaich  on  theae  systems,  the  expectation  is  that  the  more  sophisticated  motion  cueing 
systems  would  provide  cues  of  hi^er  fidelity  than  previously  available  systems,  and  would,  therefore,  lead 
to  demonstrable  training  enhancement. 

The  problem  is  to  ssaeu  the  training  effectiveness  of  the  modem  motion  cueing  systems  along  these 
dlmentions  with  a resesrch  strategy  meeting  the  criteria  discussed  previously  (i.e.,  the  most  critical 
infoimation  in  the  shortest  period  of  time).  The  research  strategy  adopted  for  this  purpose  is  characterized 
u a critical  dinuniion  testing  approach  in  which  a series  of  short-term,  single-variable  studies,  which 
compare  the  most  costly  with  the  least  costly  motion  configuration  for  a specified  point  along  the  other 
dimensions.  This  would  provide  the  foundation  for  more  extensive  studies,  iliould  further  infomiation  be 
required.  The  studies  should  be  designed  so  as  to  define  the  end  points  of  the  relevant  dimensions  (e.g., 
novice  VI.  experienced  pilots,  simple  vs.  complex  tarics). 

Training  eifectlveneu  is  typically  assessed  by  using  a tronsfer-of-trainlng  paradigm  In  which 
preUminaiy  training  is  given  in  at  leut  two  candidate  systems,  followed  by  a comparative  performance 
evaluation  in  the  criterion  system.  In  most  cases,  one  or  more  experimental  treatments  are  compared  with 
some  standanl  (control)  treatments.  In  line  with  the  described  naeatch  strategy,  a motion  effectiveness 
design  would  involve  the  selection  of  the  cueing  system  to  be  investigated,  a training  task,  an  aircraft,  and  a 
pilot  experience  level.  The  latter  factors  would  be  held  constant,  while  at  least  two  levels  of  motion  cueing 
would  be  present.  In  the  case  of  a critical  dimension  approach,  the  extremes  of  presence  vs.  absence  of  the 
cues  would  be  appropriate.  The  present  study  was  designed  to  asieu  the  contribution  of  a synergistic 
six-degree-of-fnedom  (DOF)  platform  motion  system  to  the  acquisition  of  basic  contact  flying  skills  In  the 
T-37  aircraft.  Platform  motion  cueing  would  be  inveitipted  first,  since  It  Is  more  costly  thin  Geest 
systems.  It  is  well  known  that  motion  cues  are  not  neceaiary  for  effective  simulator  training,  since  pilots 
have  been  learning  to  fly  with  the  aid  of  flxed-baie  devices  for  years.  However,  the  extent  to  which 
enhanced  motion  cues  (such  u those  made  svailsble  by  a 6-DOF  system)  may  contribute  or  add  to  the 
effectiveneai  of  simulator  training  hu  not  been  determine. 


II.  METHOD 

General  Approach 

A transfer-of-training  pvadigm  wu  used  to  assess  the  contribution  of  six-degree-of-freedom  platform 
motion  relative  to  no-motlon  cut^  on  ihe  acquitition  of  buio  contact,  takeoff,  approach  and  landing 
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ikllli.  Contact  flying  ikiUs;  i.e.,  ikilli  requiring  external  viiud  cues,  were  the  fooiu  of  the  present  study, 
since  there  is  little  information  regarding  motion  cue  effeettveness  on  these  tasks,  particularly  thoM 
requiring  or  utilizing  a full  fleld-oF^ew  (FOV)  visual  display.  The  tasks  chuaen  for  investigation  represent 
the  basic  transition  akilli  whidi  must  be  mastered  by  the  beginning  student  in  the  Air  Force  Underg^uate 
Pilot  Training  (UPT)  program.  Thus,  the  present  study  represents  one  point  of  intersection  of  the 
dimensions  of  task  type,  aircraft  type,  motion  system  type,  and  pilot  experience  level  which  has  not  been 
previously  addressed. 

Two  groups  of  UPT  students  received  blocked  training  in  the  Advanced  Simidator  for  FUot  Training 
(ASPT)  on  selected  contact  maneuvers.  One  group  was  trained  witliout  simulator  motion  cues.  The  other 
group  received  identical  task  training  in  the  presence  of  motion  cues  provided  by  a ^nergistic  six-DOP 
platform  motion  system.  Student  performance  wu  measured  petiodieally  during  ASPT  training. 
Performance  of  these  two  groups,  u well  as  the  control  group  which  received  no  ASPT  training,  was 
monitored  in  the  T-37  for  selected  tasks  on  ail  pre-solo  missions. 

Subjects 

Twelve  students  from  UPT  Clau  77-02  and  twelve  students  from  Claas  77-03  participated  in  this 
study.  The  subjects  were  selected  from  their  respective  dasaes  on  the  buls  of  their  previous  aircraft  and 
simidator  experience.  An  attempt  wu  made  to  select  itudenta  with  a minimum  of  previous  flying 
experience  to  form  homogeneous  groups  to  whatever  extent  possible.  For  the  sample  ulected,  the  source  of 
commission  was  u follows:  thirteen  United  Statu  .Mr  Force  Academy  (USAFA),  eigtit  Air  Force  Reserve 
Officer  Training  Corps  ( AFROTC),  two  Air  National  Guard  (ANC),  and  one  Officer  Training  School  (OTS). 
The  flying  background  of  the  umple  wu  u follows:  (a)  pOot:  mean  of  28.8  hours  with  a range  of  13.4  to 
80  hours,  (b)  simulator:  five  students  had  previous  simulator  experience  with  a mean  of  16  hours  and  a 
range  of  1 to  50,  and  (c)  navigator;  two  subjects  had  navigator  experience  of  4 and  20  hours,  rupectively. 

Instructor  Pilots 

ASFl'  Training.  Six  T<37  instmetor  pilots  (DP)  from  the  82nd  PTW/DOR  division  served  u initnictor 
pilots  during  the  ASPT  training  phau.  Four  IPa  participated  for  each  clan.  During  the  transition  from  CUis 
77-02  and  77-03,  two  IPs  were  replaced.  During  uch  dau,  the  assignment  of  IPs  to  motion  ind  no-motlon 
conditions  wu  counter-balanced. 

T'37  Training.  Two  Air  Force  Human  Resources  Laboratory,  Flying  Training  Division,  Williams  APB, 
Arizona  (AFHRL/FT)  T-37  research  IPs  collected  initial  transfer-of-trainlng  data.  Each  flew  two  mkitoni 
with  each  student.  The  assignment  of  lib  to  students  trained  with  motion  or  no-motlon  wu 
counter-balanced.  Due  to  scheduling  conflicts,  an  additional  AFHRL/FT  IP  wu  asiigned  to  fly  both  sorties 
with  one  student.  With  the  exception  of  the  two  special  data  sorties  flown  with  AFHRL/FTIPs,  flight  line 
instruction  wu  accomplished  by  llne-auigned  T-37  DPs  from  the  96th  PTS. 

Equipment 

Experimental  training  wu  sccompilshed  in  the  ASPT.  An  overview  of  the  characteristics  of  the  ASPT 
most  relevant  to  the  present  study  is  prewnted  in  this  section.  Detailed  descriptions  of  the  device  may  be 
found  in  Hagin  and  Smith  (1974)  and  Rust  (1975).  i 

ASPT  is  equipped  with  two  T-37  cockpits.  Each  cockpit  hu  a ftill  POV  visual  display  of 
computer-generated  Images,  a sbi-DOF  synergistic  platform  motion  system,  and  a sixteen  panel  psteumstlo 
G-ieat  on  the  left  wat  (student  position). 

The  visual  display  is  projected  throu^  wven  cathode-ray  tub«  (CRT).  The  capacity  for  dtagiliylilg 
visual  image  detail  is  fUed  and  shared  between  the  two  ASPT  cockpits.  A hii^y  dataBid  tostuiiwh  is,  an 
airport  requires  90%  to  100%  of  the  display  capacity;  thui,  only  10%  of  the  capacity  would  hi  aviilaUa  to 
the  other  cockpit.  This  amount  would  residt  in  Inadequate  repieuntation  of  a highly  detafladioMN  but  li 
adequate  to  display  a generalized  view  from  altitude  such  u a horizon,  and  surface  patterns,  and  mountains. 
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The  visual  aystjm  uses  an  infinity  optics  display  with  the  exit  pupil  located  at  the  student’s  oye 
position.  This  anangement  results  in  the  desired  visual  scene  from  the  student  position,  but  a distorted 
scene  from  the  IP  position.  From  his  normal  position,  the  IP  is  unable  to  tee  the  visual  display  immediately 
in  front  of  the  aircraft.  The  scene  becomes  lets  distorted  as  he  scant  laterally.  By  moving  hit  head  position 
nearer  to  that  of  the  student,  the  IP  can  increase  his  forward4ooking  view  and  reduce  the  distortion. 

The  ASPT  platform  motion  system  is  a synergistic  six-DOF  system  driven  by  six  60-inch  hydraulic 
actuators  (“legs"  or  “rams”).  Each  ram  has  a maximum  velocity  capability  of  19  in/sec.  The  performance 
characteristict  of  the  ASPl'  motion  base  are  summarized  in  Table  1 . 


Table  L Motion 

Base  Performance  Chaiacteristict 

Axis 

Cxeurtlen 

AootMrallen 

Forward  - X 

+49  in.,  -48  in. 

±0.6  g 

Lateral  - Y 

148  in. 

±0.6  g 

Heave  - Z 

+39  in., -30  in. 

±0.8  g 

Pitch  - Y 

+30“,  -20“ 

±50“/sec* 

Yaw-Z 

132“ 

±50“/sec’ 

RoU-X 

±22“ 

+50“/sec* 

The  platform  motion  system  software  was  designed  to  provide  translational  and  rotational 
acceleration  onset  cues  to  the  student  pilot  position.  The  drive  philosophy  for  the  display  of  translational 
acceleration  cues  it  intended  to  match  the  aircraft  acceleration  In  magnitude  and  shape  (provided  certain 
boundary  conditions  are  not  exceeded).  The  display  of  rotational  cues  it  driven  by  a cue-shaping 
philosophy  which  is  not  intended  to  match  the  aircraft  onset  cue.  The  rotational  velocity  rather  than 
acceleration  is  used  as  an  input.  ASPT  can  also  display  some  sustained  acceleration  cues  via  platform 
movement  with  a subsystem  called  “gravity  align,"  which  positions  the  platform  in  an  attempt  to  substitute 
for  a portion  of  the  external  force  vector.  (ASPT  is  also  equipped  with  a G-seat  which  can  display  sustained 
acceleration  cues.  However,  the  G-seat  was  not  used  in  the  present  study  and  will  not  be  discussed.)  The 
motion  system  also  includes  a “special  effects”  package  which  is  used  to  display  such  cues  as  touchdown 
bump,  runway  rumble,  aircraft  buffet,  speed  brake  extension,  and  gear-down  rumble.  (See  Kron,  1975,  for 
a more  technical  discussion  of  ASPTs  hardware  and  software  platform  motion  capabilities.) 

The  ASPT  has  the  capability  of  real-time  automated  measurement  of  the  pilot’s  performance. 
Measurements  can  be  made  of  pilot  inputs,  system  outputs,  and  derived  scores.  The  measurement  schemes 
or  algorithms  for  a given  maneuver  must  be  preprogrammed.  A limited  amount  of  this  information  can  be 
displayed  real-time  in  the  cockpit  via  a monitor  located  to  the  right  of  the  IP  position  and/or  following  the 
mistion  in  hard  copy  form. 

The  ASPT  is  equipped  with  the  capability  of  displaying  a prerecorded  demonstration  of  a maneuver. 
The  information  is  stored  on  magnetic  tape  which  enables  a reproduction  of  the  entire  maneuver,  including 
visual  display,  motion  cues,  instrument  readings,  rudder  and  throttle  movements. 

Two  additional  instructional  uapabilitlet  of  ASPT  were  utilized  in  the  present  study:  problem  freeze, 
and  reinitialization.  The  instructor  can  stop  and  hold  the  system  at  Its  current  position  by  the  use  of  the 
problem  freeze  feature.  From  this  position,  the  instructor  can  continue  flight  from  the  “frozen"  position  or 
return  to  a starting  point  of  his  choice  by  use  of  the  reinitialization  Feature.  Reinitialization  allows  the 
system  to  go  to  a designated  position  and  configuration  in  a matter  of  seconds.  These  points  are 
preprogrammed  to  correspond  to  optimal  starting  positions  for  most  maneuvers,  including  cross-country 
positions,  in  the  T-37  training  program.  The  main  utility  of  the  freeze  feature  it  in  its  instructional  value 
whereu  the  reinitialization  is  a timesaving  feature  vtdtich  alto  allows  for  titter  experimental  control  over 
student  praotioe. 
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The  advanced  Initiuctor  operator  coniole  (AlOiO  ii  equipped  with  a vector  general  monitor  whidi 
hu  a spatial  display  option.  This  option  can  Mow  the  flight  path  of  the  simulated  aircraft  which  can  be 
rotated  around  the  x,  y,  or  z axis.  This  image  can  be  temporarily  stored  and  dls]4ayed  following  the  mission 
for  use  in  the  debriefing. 

.Procedure 

Subject  Assignment  The  subjects  were  randomly  assigned  to  one  of  three  treatment  conditions:  (a) 
no-motion  (NM),  (b)  6-DOF  motion  (M),  or  (c)  control  (C).  A total  of  24  subjects  participated  with  8 
aubjects  per  group.  TTu  study  was  conducted  with  two  consecutive  UFT  classes  (774)2  and  774)3).  One4ialf 
of  each  group  wu  comprised  of  students  from  each  class. 

Pretraining,  All  subjects  were  given  the  Williams  APB  Runway  30L  Left  Programmed  Text  (Stiithi 
Waters,  ft  Edwards,  1975)  one  week  prior  to  entering  the  flight  Ihie. 

IP  TYainlng.  All  ASPT  instructors  were  given  verbal  and  written  briefings  on  the  experimental 
procedure  and  the  use  of  ASPT  and  the  pertinent  instructional  features.  In  addition,  the  six  ASPT 
instructors  rehearsed  each  ASPT  scenario  with  a practice  student.  This  procedure  famfllatlzed  them  with 
the  scenarios,  the  operating  procedures,  and  allowed  them  to  tailor  their  instructional  techniques  to  the 
restrictions  of  the  study  syllabus. 

ASPT  TYainlng,  Subjects  assigned  to  the  M and  NM  groups  received  10  training  sorties  in  ASPT 
beginning  on  the  1 1th  day  of  academic  training.  All  sorties  were  competed  prior  to  the  first  T.37  mlasioa 
(B1701).  The  instructional  content  of  the  ASPT  sorties  was  identical  for  both  groups  (with  the  only 
difference  being  whether  the  platform  motion  system  was  operative  or  not).  Thus,  all  subjects  in  the 
motion  condition  received  all  sorties  in  the  presence  of  motion  cues,  while  the  subjects  in  the  nc-motlon 
condition  received  the  same  sortie  content  but  with  no  (datform  motion.  The  G-ieat  was  Inoperative 
throughout  the  study.  All  training  was  accomplished  under  fbll  FOV  conditions.  Cockpit  assignment  was 
alternated  daily. 

Mission  Content  The  content  of  each  sortie  was  specified  in  terms  of  the  order  of  maneuver 
instruction  and  the  number  of  repetitions  per  maneuver.  The  number  of  trials  per  maneuver  wu  determined 
by  reference  to  T-37  task  frequency  Information  (Brown  & Rust,  1975),  data  on  other  trainer  skill 
acquisition  rates  (Woodniff  & Smith,  1974),  a preliniinary  ASFT  study,  and  pilot  opinion  if  no  other  data 
were  available.  It  wu  Intended  that  the  number  of  trials  would  be  sufficient  to  enable  the  average  student 
to  attain  at  least  a minimum  level  of  proficiency.  The  10  ASFT  sorties  were  divided  into  three  categories: 
(a)  basic  alrwork,  (b)  pattern  work,  and  (c)  mission  profiles.  A summary  of  the  total  number  of  task 
repetitions  and  the  content  of  each  mission  is  found  in  Appendix  A. 

a.  Basic  Airwork.  There  were  two  missions  covering  basic  contact  maneuvers.  Both  miuiotu  were 
approximately  1.3  hours  in  length  and  were  accomplished  using  10%  of  tire  visual  capacity,  inatmetions  on 
these  missions  were  given  on  the  following  maneuvers:  (a)  Straight-and-Level,  (b)  Airspeed  Chaitges,  (c) 
Constant  Airspeed  Climbs  and  Descents,  (d)  30”  Bank  Turns,  (e)  Turns  to  Headings,  (0  Airspeed  Changes 
while  Turning  to  a Heading,  (^  45*  Bank  Turns,  (h)  W"  Bank  Turns,  (1)  Tedi  Order  Climb,  (j) 
Configuration  Change,  (k)  30*  Bank  Descending  Left  Turn,  and  0)  Slow  Fli^t. 

b.  Pattern  Work.  There  were  a total  of  four  pattern  minions  ranging  in  length  from  .8  to  1 .5  hours. 
These  missions  alternated  daily  with  the  minion  profile  sorties.  Instruction  on  thens  miasiens  covered  (a) 
Takeoffs  and  Traffic  Exits,  (b)  Straight-in  Approach  and  Landing,  (c)  360*  normal  Overhead  Traffic 
Pattern  and  subcomponents,  and  (d)  Touch-and4jo’s.  All  pattern  work  missions  used  90%  of  the  visual 
capacity. 

c.  Mission  Profile,  Pour  ASPT  sorties  were  constructed  in  a mission  profile  scenario  beginning  with  a 
Takeoff  and  ending  with  a Landing.  These  missioni  alternated  daily  with  the  pattern  missions  ranging  in 
length  from  0.75  to  1.3  houn.  All  of  the  tasks  practiced  in  the  basic  and  the  pattern  missions  were 
instructed  further  in  these  sorties.  In  addition,  Power-On  Stalls  and  Traffic  Pattern  StsUs  were  instructed 
during  these  sorties.  In  the  no-motlon  condition,  iPi  gave  stall  cues  by  manually  shaking  the  stick.  In  the 
motion  condition,  the  stall  cues  were  delivered  with  motion  platform  buffet. 


9 


Performance  Measurement.  Periodically  throughout  the  10  ASPT  sorties,  the  students’  performance 
wu  measured  by  the  automated  perfonnance  measunment  feature  on  ASPT.  The  maneuvers  and  measures 
computed  for  each  maneuver  ate  presented  in  Appendix  B.  Eadi  time  the  student’s  performance  was 
measured,  the  IP  also  rated  the  perfurmance  on  a 12-point  scale  with  the  following  characteristics:  1 to  3 
representing  an  unsatisfactory  performance;  4 to  6 representing  a fair  level;  7 to  9 reflecting  a good  level;  10 
to  12  representing  an  excellent  performance.  The  criteria  for  unsatisfactory,  fair,  good,  and  excellent  are 
qredfled  In  the  Air  Training  Command  (ATC)  training  syllabus  (July  1975).  The  categories  correspond 
approximately  to  unsafe,  minimum  safety,  profldenl,  and  superior.  These  ratings  were  given  Immediately 
following  the  maneuver  over  an  intercom  system  and  were  not  available  to  the  student.  The  portion  of  the 
measurement  algorithms  containing  derived  scores  in  the  format  of  time  on  tolerance  and  procedural  errors 
was  made  available  to  the  student  immediately  following  the  mission. 

Instructioiud  Control  A flxed  trial  procedure  was  used  according  to  which  the  niunber  of  trials  for 
each  maneuver  on  each  mission  was  specified.  If  a maneuver  was  prematurely  terminated  at  the  discretion 
of  the  instructor,  the  attempted  trial  was  considered  a complete  trial.  However,  if  a maneuver  was 
interrupted  due  to  a system  failure,  the  trial  was  repeated.  An  observer  was  located  at  each  conventional 
instructor  operator  cotuole  to  monitor  mission  content.  For  the  trials  using  the  automated  performance 
measuiement  qratam  (AFM),  the  instructor  was  not  allowed  to  give  any  instructions.  He  was  allowed  to 
debrief  the  stutet'a  performance  following  the  maneuver.  In  addition  to  instructions  given  in  the  ASPT, 
etch  mlMioo  was  preceded  and  fallowed  by  a debriehng  ranging  from  .25  to  .50  hour  in  length.  Other  than 
theee  leetdetiona,  no  attempt  wu  made  to  specify  or  control  the  individual  style  of  instruction. 

T<37  TtahUag  and  Evaluation 

IVo  wparate  procedum  were  uud  in  an  attempt  to  assess  the  transfer  of  the  mction/no-motlon 
piatiaining  in  ASPT.  Special  data  ride  scenarios  were  designed  to  cover  all  maneuvers  taught  in  ASPT.  In 
addition,  task  frequency  data  were  collected  on  selected  maneuven  on  all  subjects  up  to  the  solo  phase  of 
T-37  training.  Data  collection  forms  are  presented  in  Appendix  C. 

Data  RUet.  All  students  trained  in  ASPT  were  given  two  special  (i.e.,  syllabus  deviations)  data  ddoa  in 
the  T47.  Ihe  scenario  of  each  mission  wu  the  tame  and  de^ed  to  include  all  maneuvers  practiced  in 
ASPT,  Hm  data  ridu  were  given  on  the  first  (B1701)  and  fifth  (B1801)  normally  occurring  T-37  sorties.  All 
mhliosil  were  flown  by  AFHRL/FT  reward  Instructor  pilots.  With  the  one  exception  noted  eariier,  IP 
eoilBniaat  wu  counter-balanced  by  treatment  conditions.  The  IPs  were  toid  to  imtnict  at  little  u possible 
while  the  student  wu  actually  performing  the  maneuvers.  They  were  to  assign  grades  on  the  12-point  rating 
scale  discussed  above  for  each  maneuver  performed.  The  II^  were  given  pietraining  in  ASPT  on  tlic  mhsion 
scenario  and  grading  requirements. 

7isk  Frequency.  The  student’s  line  ustgned  instructors  were  asked  to  fill  in  task  frequency  cards  on 
every  T-37  mission  prior  to  solo  (C2402).  The  card  wu  constructed  so  they  circled  either  Li,  F,  G,  or  E for 
each  repetition  of  the  maneuver  on  that  mission.  Task  frequency  data  were  collected  on  the  Allowing 
nuunuvers;  Takeoff,  Stroight-In  Approach,  Landing,  Overhead  Pattern  and  landing;  Slow  Flight;  Power-On 
Stall;  and  Traffic  Pattern  Stall.  In  addition,  the  IP  wu  uked  to  indicate  (by  circling  the  appropriate  option) 
whether  the  student  experienced  any  airsickness  (passive  or  active)  and  whether  he  wu  ufe  for  solo. 


in.  RESULTS 


ASPTTrainim 

All  students  completed  the  10  ASPT  tnisslun  profiles.  Must  weekday  minions  were  uparated  by 
244iour  intervals,  although  occuional  system  failures  resulted  in  48-hour  Intervals.  The  students’ 
performance  Ir  ASPT  was  evaluated  on  eleven  maneuvers  un  designated  trials  using  instructor  judgments  u 
well  at  the  automated  performance  meuurement  system.  Due  to  system  malfunctions,  not  all  automated 
performance  measurements  were  accomplished  on  the  designated  trial.  In  this  event,  the  IP  conducted  the 
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trill  u I mwiuretnent  trial  (i.e.,  nu  instruction)  and  performed  the  aubjectlvc  nting  of  the  performmce  as  1 

outlined  in  the  mission  scenario.  On  occasion,  a total  system  failure  occurred  following  a meuuiement  trial,  | 

resulting  in  a data  loss.  The  values  for  missing  data  were  estimated  using  the  leait<squaiet  tedinlque  j 

described  in  Kirk  (1968).  Algorithm  programming  enors  of  certain  parameters  (e.g.,  airspeed  on  I 

Stralght'and'tjevel)  resulted  in  unusable  data.  These  parameters  were  omitted  frosn  data  analyils.  | 

From  the  information  contained  in  the  Am  system,  meuutes  of  system  output  with  respect  to  j 

maneuver  criteria  (b  terms  of  root  mean  square)  were  selected  for  subsequent  anatysis.  These  parameters  > 

are  listed  b Appendix  B.  The  RMS  values  on  the  objective  measures  were  logarithmically  transformed, 
normalized  to  a T distribution,  and  subsequently  combined  to  form  an  equally-wa'shted  total  score.  All  I 

analyses  ware  split-plot  ANOVAS  (motion  vs.  nomiotlon  as  the  betweeneubjer'  :tor  and  trials  u the  1 

repeated  measure)  with  the  degrees  of  freedom  adjusted  accordbgly  for  the  ceth  ^d  data  pobts.  The  IP  | 

ratbgs  were  also  atulyzed  usbg  a split-plot  ANOVA.  Thus,  two  ANOVAS  (APM  soi..es  and  IP  ratings)  were  I 

performed  on  each  of  the  eleven  measured  tides.  Appendix  B presents  the  descriptive  statistia  and  results 
of  the  data  analysis. 

There  were  no  signifleant  differences  between  the  motion  and  no«notian  conditions  for  any  of  the 
maneuvers  usbg  either  the  automated  performance  measures  or  the  IP  ratings.  A reliable  trials  effect  wss 
found  for  most  maneuvers  using  both  the  automated  performance  meuures  and  the  IP  ratings.  Only  two 
maneuvers.  Turns  to  Hesdbgs  and  Steep  Turns,  did  not  result  b a slpiificant  change  fes  either  type  of 
measurement.  A reliable  trials  effect  wss  observed  for  the  automated  performance  meuures  but  not  for  the  | 

IP  ratbgs  for  the  Slow  Plight  and  Stral^t-and-Level  tasks.  I 

b most  cases,  the  significant  trials  effects  were  tlie  result  of  Improvement  (d'^creawd  RMS  and  j 

increased  IP  ratbg),  primarily  from  the  first  to  second  analyzed  trials.  However,  the  effect  oburved  for  the  ; 

Constant  Airspeed  Descent  reflects  a decrement  b performance  on  the  middle  meuurement  trial  for  the  IP  i 

meuurments  and  an  improvement  on  the  lut  meuurement  trial  for  the  RMS  error  valuu. 

A reliable  motion  x trials  interaction  effect  wu  found  for  only  one  maneuver,  the  Constant  Airspeed  I 

Climb.  This  effect  wu  observed  for  the  APM  scores  but  not  for  tlie  IP  ratbgs.  The  significant  bteraction  { 

wu  due  to  the  larger  RMS  error  values  for  the  motion  condition  on  the  first  measured  trial.  The  difference  | 

between  the  conditions  wu  eliminated  by  the  next  meuurement.  { 


T-37  Trainbg  Transfer  Evalustiotu 

Two  sources  of  transfer  bformatlon  were  utilized  b this  study:  (a)  performance  on  two  specially 
designed  T.37  aircraft  sorties  for  the  ASPT  trabed  groups,  and  (b)  performance  on  selected  talks  during  the 
normal  pre-eolo  T-37  Undergraduate  Pilot  Training  (UPT)  syllabus  sorties  for  the  ASPT  and  Control  groups. 

Special  Data  Rides,  All  16  students  trabed  b the  ASPT  received  the  two  T-37  data  ridu  on  the  first 
and  fifth  aircraft  sorties.  Due  to  the  constrabts  of  local  operating  procedures,  equipment  conditions,  and 
weather  factors,  not  all  items  b the  scenario  were  accomi^shed  for  all  studentr  cn  each  ride.  Due  to 
scheduling  requirements,  one  student  wu  assigned  to  fly  the  two  sortiu  with  an  addiUonal  instructor  pilot. 
With  this  exception,  two  instructor  pilots  performed  the  meuuremcnts  on  thew  rides  and  each  wu  assigned 
one  motion  and  one  no-motlon  student. 

The  29  items  b the  scenvios  were  collapsed  bto  sixteen  uperab  talks  for  data  analyset.  Although 
the  data  card  hu  only  otw  item  for  the  Overhead  Pattern,  IPs  were  required  to  separately  evaluate  the 
Pitchout,  Downwind,  Final  Turn,  Final  Approach  and  Land^,  and  record  there  on  be  back  of  the  form, 
b this  msnnet  each  student  wu  meuuted  on  eadi  task.  In  the  event  that  a score  wu  still  mlnbg  for  oiw  of 
the  trials,  the  vslue  wu  utimeted  by  the  least-squaree  technique  described  b Kiik  (1968).  Sixteen  mUt-plot 
ANOVAs  were  performed  on  these  data  with  degrees  of  freedom  adjusted  iccordbfily  for  eailmMed  tihta. 
The  mean  performance  ratings  and  eesodeted  sbtistlcal  tests  are  preunted  b Appendix  D. 

The  results  cf  theu  analyiw  may  be  summarized  u follows.  There  were  no  difforanou 

betwun  the  motion  and  no-motion  conditioas  either  u a mrin  effect  or  u a trials  x tieatmant  totenctlon 
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effect.  There  wu  a reliable  trlali  effect  on  nine  of  the  16  maneuver!.  The  following  taiki  did  not  ihow  a 
reliable  triali  effect:  Straiid^t-and-Level,  Alnpeed  Change,  Conitant  Ainpeed  Climb  and  Deacent, 
Conflguratloo  Change,  Touch-and<Go,  Power>On  Stall,  and  the  Overhead  ftttem.  The  obeerved  triali  effecta 
were  the  result  of  improved  performance  on  the  aecond  data  ride  (the  atudent’a  fifth  aircraft  aortle). 

Ttsk  Fttqumcy  Data,  Taak  frequency  data  were  collected  on  all  itudentaj||i  the  motion  and  control 
groupc  to  the  aolo  flight.  The  data  for  one  student  in  the  nomotion  group  wu  discarded  due  to 
irregularitka  In  the  data  recording  procedures.  Summary  statistics  and  subsequent  analytes  are  pruented  in 
Appendix  E. 

The  mean  overall  score  per  student  pet  maneuver  wu  computed  by  aaslgritng  numerical  valuu  (1,2, 
3, 4)  to  the  assigned  pades  (U,  F.  G,  E),  This  technique  mults  in  one  score  per  maneuver  per  student  and 
controls  for  the  unequal  number  of  repetitions  per  maneuver  aoron  the  students.  One-factor  ANOVAs  and 
a priori  “t"  tut  oomparltont  were  performed.  The  a priori  “t**  test  comparlaont  were  between  motion  vs  no 
motion,  and  the  AS^-traiiwd  groups  combined  vs  the  control  group.  The  F ratios,  a priori  **t”  tuts  and 
descriptive  statlstiu  are  presented  in  Table  E3. 

The  F ratios  revealed  reliable  group  differences  on  Takeoff,  Straight-ln  Approach,  Overhead  Rittem 
and  Landing  and  Slow  Flight,  but  not  on  the  Power-On  Stall,  Traffic  Pattern  SM  Series,  or  the  Landing 
from  the  Strai^t-In  Approach.  The  a priori  “t"  tuts  did  not  tevul  any  reliable  differences  betwwn  the 
motion  and  no-motlon  groups,  wherus  the  performance  of  the  ASPT  trained  groups  combined  wu  superior 
to  the  control  groups  acrou  all  maneuvers. 


IV.  DISCUSSION 

This  study  wu  designed  to  asseu  the  relative  contributions  of  a synergistic  slx-DOF  i^atformmotlon 
cueing  system  to  the  acquisition  of  basic  contact  flying  skills  in  a primary  jet  trainer.  It  wu  apparent  that 
under  the  conditions  of  this  study,  the  presence  of  motion  cuu  did  not  have  a significant  impact  on 
performance  in  the  ASPT  or  the  T-37.  For  the  tasks  musured  in  ASFT,  there  were  no  reliable  main  effects 
due  to  the  motion  variable  on  either  the  automated  scores  or  the  IP  ratings.  In  general,  the  differencu 
betwun  the  means  of  the  two  conditions  were  extremely  small  in  magnitude  and  not  consistent  in 
direction.  For  the  automated  meuuru,  there  wu  only  one  cue,  the  Constant  Ainpeed  Climb,  in  which  the 
mean  of  the  motion  condition  wu  reliably  different  than  that  for  the  no-motlon  condition.  This  wu  due  to 
a reliable  motion  trials  interaction  in  which  the  motion  condition  ruulted  in  poorer  performance  on  the 
flnt  measured  trial.  There  were  a few  tasks  in  which  the  difference  betwwn  the  muns  of  the  two 
oondldont  reflected  a beneficial  effect  of  motion:  Turns  to  Headings,  Takeoff,  and  Straight-ln  Approach. 
These  differences,  however,  were  smsU  in  magnitude  and  not  statistically  significant,  and,  thus,  should  not 
be  overemphasiud. 

The  musures  of  skill  transfer  to  the  aircraft  were  ratings  provided  by  T-37  instructor  pilots.  There 
were  esuntlally  two  indices  of  transfer  effsets:  (a)  short-term,  inltlal4ransfer  mouures,  and  long-term 
measures.  It  wu  originally  anticipated  that  the  difference  betwwn  the  motion  and  no-motlon  conditions,  if 
any,  Would  be  most  evident  u a short-term  effect,  and  that  the  difference  would  tend  to  “washout”  with 
more  training. 


The  initial  transfer  evaluation  wu  designed  to  asseu  die  short-term  effects  of  the  motion  and 
no-motlon  pietraining  on  all  of  the  tasks  trained  in  the  ASFT.  This  Infomiatlon  wu  collected  on  the  first 
and  fifth  airoraft  sortiw.  The  Instructor  pilots  who  flew  thew  misiions  with  the  students  had  received 
extensive  checkout  in  ASPT  on  the  uw  of  the  12i>olnt  rating  scale  and  the  desired  content  of  the  two  data 
colleotlon  missions.  The  iwults  revealed  virtually  no  mean  (fifTerenew  between  the  motion  and  no-motlon 
conditions  on  thew  rldu. 

The  wcond  transfer  mewuie  wu  task  frequency  information  provided  by  the  students’  flight  line 
instructors  through  the  solo  phaw  of  the  T-37  training.  Of  the  twenty  tome  tasks  trained  in  ASPT,  eight  of 
the  more  ixivanoed  tasks  were  uleoted  for  this  upect  of  the  transfer  evaluation.  Instruction  on  some  of 
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thew  talk*  normally  would  not  begin  until  after  die  lecond  special  data  rides  discussed  above.  (Instruction 
of  the  Takeoff  and  Strai^t-^  Approach  starts  on  the  first  fll^t.)  Again,  there  were  no  reliable  din'erencea 
between  the  motion  and  no-motion  groups  on  these  scores.  Unlike  the  results  of  the  two  specisl  data  rides, 
there  wss  a trend  for  the  motion  group  to  perform  slightly  better  than  the  no-motion  group  on  these  tasks 
with  the  exception  of  the  Takeoff  and  the  Landing  from  the  Overhead  Pattern.  However,  all  the  differences 
were  small  in  magnitude  and  were  not  statistically  significant. 

Thus,  the  motion  variable  did  not  have  significant  beneficial  training  value  in  either  the  simutatoc 
training  pluae  or  the  aircraft  training  phase.  There  ue  several  experimental  design  factors  which  m^y  have 
contributed  to  these  findings  and  merit  mention.  First,  the  sample  dze  was  small  (8  per  group).  Virtually 
any  variable  can  be  shown  to  be  significantly  related  to  another  variable  given  a large  enough  samjle  sUe. 
Sizes  can  be  made  sufficiently  large  by  employing  a within-subject  design  with  large  number  of  observatitms 
per  subject.  In  this  matuier,  the  actuid  number  of  subjects  required  can  be  tmsUer  than  that  employed  in 
this  study.  This  type  of  design  it  often  used  in  shnulator-only  studies  of  the  motion  fsctor.  However,  the 
hypothesis  being  investigated  demanded  a between-group  design  and  logistics  dictated  a tmtU  sample  tissa. 

The  between-  and  with-subject  variability  wu  hi^,  which  it  commoidy  obMtved  in  Investigations  of 
Initial  skill  acquisition.  In  addition,  there  were  uncontrolled  factors  which  acted  to  Increau  variance  (e.g., 
varying  times  between  sorties,  fUghtUne  IP  changes,  weather  oondltlona).  The  variance  combined  wUh  imall 
sample  alzes  reducea  the  power  of  any  statistical  significance  test.  It  should  be  noted  that  the  ASPT  vs 
fli^tline  groups  comparison  revealed  sigpiificant  diftbrencea  in  spite  of  the  high  variance,  luggeating  that  the 
sensitivity  of  the  test  wu  satisfactory  in  this  cate. 

The  dependent  measures  were  criterion-referenced  u opposed  to  control  input  derivations. 
Criterion-referenced  measures  are  the  moat  appropriate  type  for  the  quealioni  being  uked  (i.e.,  training 
value),  but  they  may  not  be  the  most  sensitive  to  motion-cue  mtnlpidaiiont  (Irish,  Grunzke,  Gray,  & 
Wateri,  1977;  Matheny,  1974).  For  the  issue  addressed  In  the  present  context,  however,  motion-cue 
manipulations  are  not  considered  to  be  Important  unless  they  influence  the  pUot’i  ability  to  fiy  the  aiicnft  or 
acquire  the  task-relevant  skills. 

All  simulator  training  wu  given  under  ftill  fleld-of-vlew  conditions,  and  all  of  the  taaki  were  trained  is 
contact  taaki.  SklUful  performance  required  attention  to  cun  diaplayed  in  the  external  visual  scene  wlt!i 
intermittent  attention  to  the  Instrument  panel.  The  only  taaki  containing  motion  cues  which  ware  alio 
training-relevant  cues  were  the  Stalls  where  the  motion  cue  kidlcatea  atall  onwt  or  entry  into  a secondary 
stall.  In  the  motion  condition,  stall  onset  wu  signalled  by  platform  buffet  (a  cue  produced  by  the  speoid 
effects  package  not  requiting  the  synergistic  system)  whereu  the  stick  wis  shaken  muually  by  the  IP  in  the 
no-motion  condition.  It  could  be  argued  that  the  motion  cue  functioni  primarily  u an  alerting  cue  not 
requiting  a slx-DOF  motion  system  for  adequate  cue  display.  The  aircraft  performance  of  the  twogroupa 
reveals  slightly  better  performance  for  the  motion-trained  group.  However,  the  difference  wii  not  gruter 
than  other  motion-favored  performances  and  wu  not  itatlsticaUy  reliable.  The  main  point  is  that,  with  the 
exception  of  the  stallt,  motion  cues  were  not  trairring-relevant  cun  for  the  tuka  covered  in  this  study.  One 
could  argue  that  motion  cues  were,  for  the  mut  i»n,  incidental  cues.  Typically,  the  magnitude  of  transfer 
effects  expected  from  incidental  cues  is  small  compared  to  that  from  primary  cuei.  There  is  not  a great  deal 
of  motion  cueing  involved  in  the  tutu  in  the  wnse  that  the  anrount  and/or  the  magnitude  of  utuil  aircraft 
cueing  in  these  tuks  Is  relatively  small. 

The  subjects  were  student  pilots  with  no  previous  jet  flying  experience.  Theoretically,  motion  cum 
acquire  meaning  (t«.,  have  information  value)  u a function  of  experience.  At  an  euly  point  in  training,  the 
student  may  not  have  an  expectation  of  what  motion  cues  are  associated  with  given  control  inputs.  In  such 
cases,  motion  cues  may  function  u undifferentiated  noise  rather  than  u meaningful  signals. 

For  whatever  reuon(i),  motion  cueing  wu  not  a potent  training  variable.  An  iuue  aecondaxy  to  the 
motioir  question,  but  perhaps  a more  important  iuue,  concerns  the  overall  training  effectiveneu  observed. 
The  primary  source  of  information  on  ti^  iuue  comet  from  the  comparisons  of  overall  perfottnmoe  of  the 
experimental  groups  with  the  control  group.  No  precise  information  can  be  derived  from  the  special  data 
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ridMi  tinoe  the  control  group  did  not  receive  theu  rides.  However,  the  overall  level  of  performaitce  on  these 
rides  Is  higher  than  one  would  expect  for  a novice  pilot.  As  expected,  the  highest  levels  of  performance 
were  obaerved  on  the  bask  aiiwork  tasks  (e.g.,  Turns,  Olmbe,  Rate  Changes).  Generally,  performance  was 
Judged  to  be  in  the  good  to  excellent  range  on  theae  tasks.  The  least  effective  transfer  wu  on  the  Overiiead 
Rsttem  which  is  cleariy  the  moat  difficult  of  the  tasks  trained.  However,  ever,  on  the  Overhead  Fsttem, 
moat  of  the  students  were  able  to  accomidlsh  the  task  on  the  first  ride  in  the  aircraft. 


On  an  the  more  advanced  tasks  monitored  through  the  solo  phase  of  the  training  program,  the 
performance  of  die  experimental  group  was  superior  to  that  of  the  control  groups.  The  moat  effective 
training  appeared  to  be  for  the  Takeoff  and  Slow-Right  tas.*^  with  Overhead  Pattern  at  an  intermediate 
level  Unfortuiutaly,  it  wu  not  possible  to  arrive  at  a valid  trials-to-profidency  meuure,  but  inspection  of 
the  raw  data  revealed  that  the  rngjorlty  of  the  transfer  value  wu  in  elevating  performance  at  the  initial  state 
and  fflid-atate  of  training.  It  is  worth  noting  that  five  weeks  had  passed  between  the  ASPT  training  and 
normal  syllabus  training  on  the  stalls.  Even  with  this  considerable  time  interval,  the  performance  of  the 
experimental  groupa  wu  superior  to  that  of  the  control  group. 


When  considering  the  overall  effectlveneu  of  die  ASPT  training,  the  reader  should  be  remkided  that 
there  were  nveral  factors  which  probably  acted  to  decrease  the  maximum  tndning  value  that  could  have 
been  achieved  in  a leu  rutrained  more  operational  training  environment,  (a)  All  ASPf  trained  students 
received  a fixed  amount  of  practice  on  each  task.  A more  effective  training  syllabus  should  be  sufficiently 
flexible  so  that  the  amount  of  pnotice  could  be  matdied  with  the  individual  student's  profidenoy  levels. 
This  would  insure  that  the  student  receives  suffident  practice  for  him  to  achieve  ciiterion  level  proficiency 
at  the  completion  of  ASPT  training,  (b)  A large  number  of  tuks  were  Inittuded  within  a relatively  short 
period  of  time.  Normitly,  this  instruction  would  be  more  evenly  distributed  allowing  for  a higher  level  of 
mutery  end  aklD  condidition  of  eich  task,  (c)  Many  of  the  tasks  were  beyond  the  level  of  a normd 
beginiiing  student,  thereby  not  optimizing  the  match  between  instructionil  content  and  the  itudent's 
cognitive  and  psyc^omotor  skill  levels,  (d)  Time  did  not  permit  instruction  on  some  of  the  auxiliary  tuks 
which  the  student  would  encounter  in  fli^t  (eg.  radio  ciUa  and  use  of  checkliit).  These  feetors  increased 
task  load  and  probably  degraded  overall  performance,  (e)  More  effedlve  transfer  probably  could  have  been 
attained  on  the  runway  environment  tasks  with  the  indusion  of  environmental  fhotors  such  u crosswind 
training.  Clearly,  extensive  training  optimization  research  needs  to  be  conduded  prior  to  establishing  the 
limits  of  productive  simulator  training.  The  results  of  die  present  study  are  promising  with  respect  to  the 
training  potential  of  the  new  generation  of  ground-based  tralnen.  However,  the  data  failed  to  demonstrate 
any  enhmeement  of  training  effecdveneis  as  a result  of  die  addition  of  platform  motion. 
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APPENDIX  A:  ASPT  TRAINING  SYLLABUS  DESCRIPTION 


mu  Al.  ASPT  Tniiiini  T«k  Sumnwy 


# Repetition 


Basic  Airwork 

Straight  ft  Level 
Airspeed  Changes 

Constant  Airspeed  Climbs  and  Descents 

30°  Turns 

Turns  to  Headings 

Airspeed  Changes,  Turn  to  Heading 

45°  Turns 

60°  Turns 

Configuration  Change 
Slow  Flight 

Pattern  Work 

Takeoff 
Traffic  Exit 

Overhead  Pattern  Enabling  Tasks 
Pitch-Out  at  Altitude 
30°  Descending  Left  Turns 
Initial 

Initial  + Pitchout 
Downwind 

Initial,  Pitchout,  Downwind 
Final  Turn 

Final  Turn  + Landing 

Overhead  Pattern 

Mission  Work 

Tech  Order  Climb 
Departure 
Letdown 
Recovery 
Power-On  Stalls 

Traffic  Pattern  Stall  Series  at  Altitude 


( 


Mission  1 
Basic  Airwork 


Repetition 


Mission  2 
Basic  Airwork 


Stralght-and-Level 
Airspeed  Decrease 
Airspeed  Increase 
Constant  Airspeed  Climb 
Constant  Airspeed  Descent 
Tum-Left  (30°  Bank) 
Turn-Right  (30°  Bank) 

Turns  to  Headings  - Left 
Turns  to  Headings  - Right 
Performance  Measurement . 

a . Stral ght-and-Level 

b.  Airspeed  Decrease 

c.  Airspeed  Increase 

d.  Constant  Airspeed  Climb 

e.  Constant  Airspeed  Descent 

f.  Turn  to  Heading 

Airspeed  Increase,  Right  Turn 
to  heading 

Airspeed  Decrease,  Left  Turn 
to  heading 

Airspeed  Increase,  Left  Turn 
to  heading 

Airspeed  Decrease,  Right  Turn 
to  heading 

45°  Bank  Turn  - Right 
45°  Bank  Turn  - Left 


Stralght-and-Level 
Tech  Order  Climb  4 Level -Off 
60°  Bank  Turn  - Left  (160K) 
60°  Bank  Turn  - Right  (160K) 
60°  Bank  Turn  - Left  (200K) 
60°  Bank  Turn  - Right  (200K) 
Letdown 

Configuration  Change 

30°  Bank  Descending  Turn  - Lc 

Slow  Flight 


Repetition 


P 


\ Table  A2.  (Continued) 


1 

1 

Mission  2 (Cont'd) 

Task 

Repetition 

1 

\ 

11. 

Performance  Measurement 

} 

a.  Stralght-and-Level 

1 

1 

b.  60°  Bank  Turn  - Left  (160K) 

1 

c.  60°  Bank  Turn  - Right  (160K) 

1 

! 

d.  Slow  Flight 

1 

1 

1 

Mission  3 

Task 

Repetition 

Pattern  Work  1 

1. 

Takeoff/Automated  Demonstration 

1 

■;  ■ 

2. 

Takeoff 

2 

3. 

Performance  Measurement 

a.  Takeoff 

1 

f 

4. 

Takeoff 

2 

I 

5. 

Straight-In  Approach/Automated 

, 

Demonstration 

1 

1 

6. 

Straight- In  Approach 

2 

7. 

Performance  Measurement 

i 


I, 


J 


Mission  4 
Mission  Profile  1 


a.  Straight-In  Approach  1 

8.  Straight- In  Approach  8 

Task  Repetition 

1.  Takeoff  1 

2.  Traffic  Exit  1 

3.  Departure  2 

4.  Stralght-and-Level  1 

5.  Airspeed  Increase  1 

6.  Airspeed  Decrease  1 

7.  Constant  Airspeed  Climb  1 

8.  Constant  Airspeed  Descent  1 

9.  Turn  to  Heading  - Left  1 

10.  Turn  to  Heading  - Right  1 

11.  30°  Bank  Descending  Turn  - Left  2 

12.  Airspeed  Increase,  Turn  to  Hdg-RIght  1 

13.  Airspeed  Decrease,  Turn  to  Hdg-Left  1 

14.  Airspeed  Increase,  Turn  to  Hdg-Left  1 

15.  Airspeed  Decrease,  Turn  to  Hdg-RIght  1 

16.  60°  Bank  Turn  - Left  (200K)  2 

17.  60°  Bank  Turn  - Right  (200K)  2 
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Table  A2.  (Cbntbiued) 


Mission  4 (Cont'd)  Task  Repetition 


18.  Pitch-Out  at  Altitude  4 

19.  Power-On  Stall,  Straight  4 

20.  Power-On  Stall,  Left  2 

21.  Power-On  Stall,  Right  2 

22.  Letdown  2 

23.  Straight- In  Approach  1 

Mission  S Task  Repetition 


Pattern  Work  2 1.  * Takeoff  and  Traffic  Exit  2 

2.  Performance  Measurement 

a.  Takeoff  1 

3.  Straight-In  Approach  4 

4.  Performance  Measurement 

a.  Straight-In  Approach  1 

5.  Straight-In  Approach  & Touch-&-Go  2 

6.  Overhead  Pattern/Automated 

Demonstration  1 

7.  Initial  2 

8.  Initial  and  P1tch-0ut  4 

Mission  6 Task  Repetition 


1.  Takekoff  and  Traffic  Exit  1 

2.  Departure  1 

3.  Slow  Flight  2 

4.  Power-on  Stall,  Straight  4 

5.  Power-on  Stall,  Right  2 

6.  Power-on  Stall,  Left  2 

7.  Performance  Measurement 

a.  Stralght-and-Level  1 

h.  Airspeed  Increase  1 

c.  Airspeed  Decrease  1 

d.  Constant  Airspeed  Climb  1 

e.  Constant  Airspeed  Descent  1 

f.  Turn  to  Heading  1 

g.  60°  Bank  Turn  - Left  (160K}  1 

h.  Slow  Flight  1 
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Mission  6 (Cant'd) 


Repetition 


Mission  7 
Pattern  Work  3 


Mission  8 
Mission  Profile  3 


8.  Pitch-Out  at  Altitude 

9.  Letdown 

10.  Performance  Measurement 
a.  Stralght-ln  Approach 


Initial  and  Pitch-Out 
Downwind 

Initial,  Pitch-Out,  & Downwind 
Final  Turn 

Final  Turn  and  Landing 
Overhead  Pattern 
Performance  Measurement 
Overhead  Pattern 
Overhead  Pattern 
Performance  Measurement 
Overhead  Pattern 


1.  Performance  Measurement 
a.  Takeoff 

2.  Traffic  Exit 

3.  Departure 

4.  Slow  Flight 

5.  Power-On  Stall,  Straight 

6.  Power-On  Stall,  Left 

7.  Power-On  Stall,  Right 

8.  Traffic  Pattern  Stall  Series 

9.  Recovery 

10.  Performance  Measurement 
a.  Straight-In  Approach 


Repetition 


Repetition 


i ^ 


Table  A2.  {Continued) 


Mission  9 
Pattern  Work  4 


Mission  10 
Mission  Profile  4 


Task 

1.  Overhead  Pattern 

2.  Performance  Measurement 

a.  Overhead  Pattern 

3.  Overhead  Pattern 

4.  Overhead  Pattern  & Touch-&>6o 

5.  Performance  Measurement 

a.  Overhead  Pattern 

6.  Overhead  Pattern  (Solo) 

7 . Performance  Pattern 

Overhead  Pattern  (Solo) 

Task 

1.  Performance  Measurement 
a.  Takeoff 

2.  Traffic  Exit 

3.  Departure 

4.  Traffic  Pattern  Stall  Series 

5.  Power-On  Stall,  Straight 

6.  Power-On  Stall,  Left 

7.  Power-On  Stall,  Right 

8.  Performance  Measurement 

a.  Stralght-and-Level 

b.  Airspeed  Increase 

c.  Airspeed  Decrease 

d.  Constant  Airspeed  Climb 

e.  Constant  Airspeed  Descent 

f.  Turn  to  Heading 

g.  60°  Bank  Turn  - Left  (160K) 

h.  Slow  Flight 

9.  Recovery 

10.  Overhead  Pattern 


Repetition 

3 


5 

5 


1 

2 

1 

Repetition 


2 

1 

2 

2 

1 

1 


1 

1 

1 

1 

1 

i 

1 

1 

1 

1 
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APPENDIX  B:  SUMMARY  DATA  FOR  ASPT  PERFORMANCE  EVALUATIONS 


TiAle  Bl.  Automated  Rerfomiance  Meawrement  Panmeten 

Task 

Straight-and-Level 
Turn-to-Heading 


Steep  Turns  (60®) 

Constant  Airspeed  Cllmb/Descent 
Airspeed  Decrease/ Increase 
Slow  Flight 
Takeoff 

Straight-In  Approach 

Overhead  Pattern 

i 


I 


i 


Paremeters  ' 

Altitude*  Heading  | 

Altitude,  Airspeed*  Heading 

Altitude,  Airspeed*  Bank  1 

! 

Altitude*  Airspeed,  Heading  j 

Altitude*  Airspeed,  Heading  i 

1 

Altitude,  Airspeed,  Inclinometer 

t 

Altitude,  Heading*  Climb-Out  Attitude 

\ 

Final;  Altitude,  Centerline  Deviation  ! 

Airspeed;  G11 depath;  Centerline  I 

Deviation  on  Glldepath*  Airspeed  on  | 

G11 depath  { 

Pitch-Out;  Altitude,  Bank;  Downwing;  | 

Altitude;  Final  Turn;  Altitude,  j 

Bank  i 

Airspeed;  Final:  Glldepath,  Center- 
line  Deviation,  Airspeed  I 


i 


Table  B2.  Descriptive  Statistici  for  ASPT  Performance  Evaluations 


Airspeed  M 
Decrease  NM 


CAS 

M 

Climb 

NM 

CAS 

M 

Descent 

NM 

Turn-to 

M 

Heading 

NM 

Steep 

M 

Turn 

NM 

Slow 

M 

Flight 

NM 

56.90  46.13 
58.09  46.17 

59.88  46.93 
52.29  50.93 

53.26  50.89 
51.60  52.01 

48.81  49.00 
49.69  56.30 

51.91  48.88 
53.79  48.38 

54.00  46.74 

53.92  50.50 


44.55 

46.16 

44.45 
45.52 

44.46 
47.77 

48.59 

47.60 

47.26  50.74 
49.69  49.36 

47.98 

46.86 


6.84  7.59  8.88 

4.84  7.82  8.25 

6.86  7.72  9.13 
7.36  7.87  8.50 

6.99  6.42  8.13 
7.62  5.39  6.88 

7.76  7.19  7.63 
8.14  5.90  7.25 

5.57  6.43  5.70  4.25 

5.50  6.13  5.55  5.75 

7.56  6.17  6.13 
6.39  6.03  5.76 


Takeoff  M 49.48  49.39  47.92  46.17  5.23  6.88  6.25  6.98 

NM  53.21  51.59  56.77  45.46  5.75  6.63  4.88  7.25 


Strat-ln  M 49.96  44.81  49.77  50.75  4.10  7.13  5.95  6.75 

Approach  NM  53.29  45.78  53.80  51.84  4.78  7.49  5.03  5.13 

Overhead  M 55.21  49.25  48.93  47.07  48.61  3.00  3.59  4.88  5.88  6.01 

Pattern  NM  53.47  49.44  51.03  47.61  49.36  3.38  5.00  6.00  6.56  6.00 


nbleBS. 


Perfonnaiice  Evil 


Maneuver 

APM  Scores 

Motion 

Trials  Trials 

X Motion 

Straight 

Level 

& 1 

4.94* 

2.31 

Airspeed 

Increase 

1 

25.79** 

1 

Airspeed 

Decrease 

1 

18.96** 

1 

CAS 

Climb 

1 

26.15** 

7.50** 

CAS 

Descent 

1 

3.76* 

1 

Turn-to- 

Headlng 

1 

2.07 

1.74 

Steep 

Turn 

1 

2.00 

1 

Slow 

Flight 

1 

9.37** 

1.28 

Takeoff 

1.37 

4.03* 

1.93 

Strat-ln 

Approach 

2.75 

8.60** 

1 

Overhead 

Pattern 

1 

7.93** 

1 

2.45  10.32**  1.69 

1 4.43*  1 

1 7.28**  2.54 

« 

1 3.27  1.31 

1 1.42  1 

1 1.77  1 


1 3.75*  1 

1 8.28**  1.71 


1 


16.25** 


1 


APPENDIX  C:  T-37  DATA  COLLECTION  FORMS 


I 


INSTRUCTOR 


DATE 


STUDENT 


MISSION 


NOTE  I Use  ayllabus  grading  standards,  dlsragard 
mansuvar  Itan  fllai  call  tham  aa  you  sae 
tham. 


TAKEOFF 

1.  H.P,  W 

2.  H.P.  W 

3.  H.P.  W 

4.  H.P.  W 

5.  H.P.  W 

6.  H.P.  W 

7.  H.P.  W 


STRAIGHT-IN  APPROACH 


1.  H.P.  W 

2.  H.P.  H 

3.  H.P.  N 

4.  H.P.  H 

5.  H.P,  W 


OVERHEAD  PATTERN 

1.  H.P.  W U 

2.  tl.P.  H U 

3.  H.P.  W U 


5.  H.P.  W 

6.  H.P.  H 


LANDING 


LANDING 


7.  H.P.  W 


U F 


Figure  C2.  Tuk  fisquancy  data  form. 


SLOW  FLIQHT 


1.  U F G E 

2.  0 P G E 

3.  U F 0 E 

4.  U F G E 

TRAFFIC  PATTERN  STALL  SERIES 

1.  U r G E 

2.  U F G E 

3.  U P Q E 

4.  U F G E 

POWER  ON  STALLS 

1.  U F G E 

2.  U r G E 

3.  U F Q E 

4.  U F G E 


AIRSXCKi 

i 

PASSIVE 

YES 

NO 

1 

ACTIVE 

YES 

NO 

APPENDIX  D;  SPECIAL  DATA  RIDE  SUMMARY 


Table  DL  Doeriptive  Statiitict  for  T-37  Special  Data  Ridn 


Maneuver 


Motion  Ho  Motion 

1st  Sortie  2nd  Sortie  1st  Sortie  2nd  Sortie 


X 

S.D. 

N 

X 

S.D. 

N 

X 

S.D. 

N 

X 

S.D. 

N 

Straight-  10.25 

and-Level 

1.83 

8 

10.87 

1.24 

8 

9.50 

2.00 

8 

11.12 

1.45 

8 

Airspeed 

Increase 

9.12 

1.80 

8 

10.57 

.97 

7 

9.00 

3.16 

8 

10.00 

1.41 

5 

Airspeed 

Decrease 

9.25 

2.12 

8 

10.25 

1.48 

8 

8.85 

2.11 

7 

10.12 

1.95 

8 

Constant 

Airspeed  Climb 

9.16 

1.16 

6 

10,20 

1.09 

5 

9.00 

1.54 

6 

10.00 

1.54 

6 

Constant 

Airspeed  Descent 

8.62 

1.76 

8 

9.00 

1.77 

8 

9.37 

1.30 

8 

9.75 

1.38 

8 

Turn-to-HeadIng 

(Right) 

7.87 

2.29 

8 

9.42 

1.98 

8 

8.12 

2.16 

8 

9.50 

1.19 

8 

Turrs-to-HeadIng 

(Left) 

7.50 

2.50 

8 

8.00 

1.85 

8 

6.87 

2.23 

8 

8.50 

1.77 

8 

45°  Turn 
(Right) 

6.57 

2.87 

7 

8.50 

1.85 

8 

7.62 

2.13 

8 

9.50 

2.00 

8 

45°  Turn 
(Left) 

6.71 

2.36 

7 

8.87 

1.64 

8 

6.50 

1.69 

8 

8.62 

1.30 

8 

60°  Turn 
(Right) 

5.28 

3.03 

7 

5.50 

2.56 

8 

4.14 

1.77 

8 

6.12 

2.85 

8 

60°  Turn 
(Left) 

7.12 

2.16 

8 

8.75 

1.83 

8 

6.12 

2.85 

8 

8.37 

1.59 

8 

Configuration 

Change 

6.57 

2.07 

6 

9.87 

1.12 

8 

7.00 

,1.67 

6 

7.12 

3.09 

8 

Slow 

7.68 

2.86 

8 

9.75 

1.66 

8 

7.62 

3.11 

6 

9.50 

2.72 

8 

Flight 


Table  Dl.  (Continued) 


Maneuver 


Motion  No  Motion 

1st  Sortie  2nd  Sortie  1st  Sortie  2nd  Sortie 


X 

S.D. 

N 

X 

Takeoff 

5.00 

2.09 

6 

7.25 

Traffic  Exit 

5.50 

2.25 

6 

7.25 

Departure 

6.18 

.92 

8 

7.87 

Power-On 

Stall  (Straight) 

6.25 

1.38 

8 

7.00 

Power-On 

Stall  (Turn) 

6.12 

2.10 

8 

7.42 

Traffic  Pattern 
Stall  (Pitchout) 

3.25 

1.83 

8 

8.12 

Traffic  Pattern 
Stall  (Nose  Low) 

4.87 

2.79 

8 

5.87 

Traffic  Pattern  4.12 
Stall  (Nose  High) 

1.12 

8 

6.62 

Traffic  Pattern 
Stall  (Landing) 

5.33 

1.96 

6 

6.25 

Touch-and 

Go 

4.70 

1.98 

5 

5.56 

Straight-In 

(Approach) 

6.14 

1.95 

7 

7.81 

Straight-In 

(Flare/Landing) 

2.60 

.54 

5 

3.71 

Overhead  Pattern 
(Pitchout) 

4.75 

2.20 

a 

5.31 

S.D.  . 

N 

X 

S.D. 

N 

X 

S.D.  . 

N 

1.83 

8 

5.60 

2.19 

5 

7.37 

2.97 

8 

1.48 

8 

5.62 

1.92 

8 

6.75 

1.83 

8 

1.80 

8 

5.28 

1.38 

7 

7.75 

2.05 

8 

2.23 

7 

7.11 

1.69 

8 

7.00 

1.06 

8 

1.90 

7 

6.87 

2.35 

8 

6.87 

1,12 

8 

3.04 

8 

2.50 

1.76 

7 

5.12 

1.82 

8 

3.35 

8 

3.66 

2.33 

6 

4.50 

1.60 

8 

2.38 

8 

3.83 

1.50 

6 

5.37 

1.50 

8 

2.12 

8 

4.50 

2.25 

6 

5.37 

1.50 

8 

1.34 

8 

5.00 

2.21 

6 

6.18 

1.79 

8 

1.60 

8 

5.92 

1.83 

7 

7.57 

1.56 

7 

1.97 

7 

2.25 

.50 

4 

4.33 

1.03 

6 

2.06 

8 

4.50 

2.81 

6 

5.18 

1.77 

8 

J- 


Tsble  D1 . (Oonttoued) 


j Maneuver 

i 

I 

) 


Motion  No  Motion 

1st  Sortie  2nd  Sortie  Ist  Sortie  2nd  Sortie 
J S.D.  N 7 S.D.  N 7 S.O.  N 7 S.D.  N 


Overhead  Pattern  4.81  1.75  8 4.62  1.68  8 4.50  2.94  6 4.81  2.12  8 

(Downwind) 

Overhead  Pattern  4.50  2.16  7 S.31  1.25  8 2.70  1.30  5 4.31  .84  8 

(Final  Turn) 

Overhead  Pattern  4.91  1.88  6 5.25  .92  8 3.16  1.16  6 4.68  2.12  7 

(Final) 

Overhead  Pattern  3.07  1.09  7 3.12  1.24  8 2.12  .25  4 3.58  1.35  6 

(Landing) 


Table  D2.  Anlydi  of  Vviance  Summiry  for  T-37  Speckl  Date  Ridci 


Maneuver 

Motion 

Trials 

Trials  X Motion 

Straight-and“Level 

1 

11.01** 

2.18 

Airspeed  Changes 

1 

3.87 

3.13 

CAS  CHmb/Oescent 

1 

1.15 

1 

Turn-to-HeadIng 

1 

16.32** 

1 

45°  Turns 

1 

20.60** 

1 

60°  Turns 

1 

6.29* 

1 

Configuration  Change 

1.19 

3.30 

4.75 

Slow  Flight 

1 

10.97** 

1 

Traffic  Exit 

1 

4.91* 

1 

Departure 

1 

17.21** 

1 

Takeoff 

1 

11.40** 

1 

Touch>and-Go 

1 

1.87 

1 

Straight-In  Approach/Landing 

1 

14.92** 

2.56 

Overhead  Pattern 

1 

1.30 

1 

Power-On  Stalls 

1 

1.63 

2.32 

Traffic  Pattern  Stalls 

3.18 

18.53** 

1.11 

*P  < .05. 

< .01. 
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APPmmX  E;  TASK  FREQUENCY  DATA  SUMMARY 


Table  E2  (Continued) 


. 

Overhead  Pattern 

Control 

No  Motion 

Motion 

Total  N 

410.0 

439.0 

438.0 

% U 

54.9 

34.9 

29.2 

% F 

28.3 

31.9 

41.6 

% G 

15.9 

28.7 

27.4 

X E 

0.98 

4.6 

1.8 

Landing  (Overhead  Pattern) 

Control 

No  Motion 

Motion 

Total  N 

377.0 

418.0 

380.0 

X U 

31.3 

17.0 

22.6 

X F 

52.0 

43.3 

47.1 

X G 

16.2 

37.6 

28.4 

X E 

0.5 

Slow  Flight 

2.2 

1.8 

Control 

No  Motion 

Motion 

Total  N 

38.0 

55.0 

54.0 

X U 

39.5 

14.6 

3.7 

X F 

47.4 

29.1 

38.9 

X G 

10.5 

43.7 

38.9 

X E 

2.6 

12.7 

18.5 

36 


Power-On  Stalls 


Control 


No  Motion 


Motion 


Total  N 


Traffic  Pattern  Stalls 


Control 


No ‘Motdon 


Motion 


Total  N 


Table  E3,  Tuk  Frequency  Data  Summary  and  Analysis 


Maneuver 

Motion 

Mean  IP  Ratings 

No-Motion  Control 

Statistical  Comparisons 

F-Ratio  t(M  vs  MN)  t{M/NM  vs  Con) 

Takeoff 

2.50 

2.58 

2.11 

9.12** 

.67 

4.22** 

Stra1ght-In 

Approach 

2.23 

2.10 

1.83 

3.66* 

.91 

2.58* 

Stra1ght“In 

Landing 

1.84 

1.72 

1.51 

3.28 

.75 

2.43* 

Overhead 

2.01 

1.98 

1.61 

5.09* 

.18 

3.26** 

Pattern 

Overhead 

Landing 

2.08 

2.25 

1.86 

3.77* 

1.01 

2.48* 

Slow 

2.72 

2.53 

1.79 

8.92 

.76 

4.18** 

Flight 

Power-On 

Stall 

2.20 

2.15 

1.75 

2.70 

.36 

2.36* 

Traffic 

Pattern 

Stall 

2.09 

1.91 

1.43 

3.38 

.60 

2.54* 

*P  < .05. 
**P  < .01. 


\ 
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